Both the urinary proteome and its glycoproteome can reflect human health status, and more directly, functions of kidney and urinary tracts. Because the high abundance protein albumin is not N-glycosylated, the urine N-glycoprotein enrichment procedure could deplete it, and urine proteome could thus provide a more detailed protein profile in addition to glycosylation information especially when albuminuria occurs in some kidney diseases. In terms of describing the details of urinary proteins, the urine glycoproteome is even a better choice than the proteome itself. Pooled urine samples from healthy volunteers were collected and acetone-precipitated for proteins. N-Linked glycoproteins enriched with concanavalin A affinity purification were separated and analyzed by SDS-PAGE-reverse phase LC/MS/MS or two-dimensional LC/MS/MS. A total of 225 urinary proteins were identified based on two-hit criteria with reliability over 97% for each peptide. Among these proteins, 94 were identified in previous urine proteome works, 150 were annotated as glycoproteins in Swiss-Prot, and 43 were predicted as glycoproteins by NetNGlyc 1.0. A number of known biomarkers and disease-related glycoproteins were identified. Because changes in protein quantity or the glycosylation status can lead to changes in the concanavalin A-captured glycoprotein profile, specific urine glycoproteome patterns might be observed for specific pathological conditions as multiplex urinary biomarkers. Knowledge of the urine glycoproteome is important in understanding kidney and body function. Molecular & Cellular Proteomics 5:560 -562,
The urinary proteome has received more and more attention in the proteomic field for its simplicity compared with serum as well as its potential in biomarker discovery. Several research teams have worked on profiling the healthy human urine proteome using electrophoresis and/or liquid chromatography followed by mass spectrometry identification (1) (2) (3) (4) (5) .
The fact that some proteins were observed at higher molecular weight than their theoretical ones on SDS-PAGE (5) confirmed that the post-translational modifications including glycosylation exist extensively in urinary proteins. Glycosylation, a common and important protein post-translational modification, is involved in many biological processes such as cell adhesion, signal transduction, immune response, and inflammatory reaction (6) . More than half of all proteins are thought to be glycoproteins, and they will undergo changes in quality and quantity along with the changes in different physiological and pathological states. Both the urine proteome and its glycoproteome can reflect human health status, especially functions of kidney and urinary tracts. In some kidney diseases, albuminuria usually occurs. Because high abundance albumin is not N-glycosylated, urine N-glycoprotein enrichment procedure could deplete it, and the urine glycoproteome could provide a more detailed protein profile in addition to the glycosylation information. In terms of describing details of urinary proteins, the urine glycoproteome is even a better choice than the proteome itself. In this study our goal was to profile the N-linked glycoproteome in normal human urine.
In the present study, pooled urine samples from healthy males and females were collected, and urine proteins were acetone-precipitated as described previously (5). Lectin concanavalin A (Con A) 1 was chosen to enrich N-linked glycoproteins for its broader specificity and higher affinity. Con A affinity chromatography was performed according to previous protocols (7). The eluted proteins (100 g loaded each time) from Con A-agarose were separated and analyzed by two approaches: 1) SDS-PAGE-RPLC/MS/MS (SDS-PAGE, in-gel digestion, and peptide extraction followed by RPLC/MS/MS) and 2) two-dimensional LC/MS/MS (protein mixture digestion followed by strong cation exchange-RPLC/MS/MS). Proteins were reduced with dithiothreitol and alkylated with iodoacetamide before tryptic digestion. Glycosidase PNGase F was also added to remove N-glycans from glycoproteins during the digestion. All peptides were analyzed by an LCQ-DECA XP plus electrospray ion trap mass spectrometer (ThermoFinnigan, San Jose, CA). Ions were detected in a survey scan from 400 to 1500 amu (three microscans) followed by five data-dependent MS/MS scans (five microscans each; isolation width, 3 amu; 35% normalized collision energy; dynamic exclusion for 3 min) in a completely automated fashion. Both approaches were run twice in parallel. All MS/MS spectra were searched using Bioworks 3.1 against the database ipi.human.v3.05 (8) with enzyme constraints and with a static modification of ϩ57 Da on cysteine residue and a differential modification of ϩ1 Da on asparagine residue. The precursor ion mass tolerance was 1.40 Da, and the fragment ion mass tolerance was 1.50 Da. We used SEQUEST criteria as follows: ⌬Cn Ն 0.1; Rsp ϭ 1; Xcorr Ն 1.9 for ϩ1 charged peptides; Xcorr Ն 2.2 for ϩ2 with fully or partially tryptic end; Xcorr Ն 3.0 for ϩ2 without regard to the end residues; Xcorr Ն 3.75 for ϩ3. Then AMASS version 1.13 (available at www.proteomicscams.com) was used to filter the SEQUEST results with three parameters: MatchPct Ն 60, Cont Ն 40, and Rscore Ͻ 2.6 (9, 10). Proteins with two or more spectra approved by AMASS were accepted as positive identifications. Reverse database searching was used to estimate the false positive rate. The false positive rate ϭ peptide number in reverse database/ peptide number in forward database ϫ 100%, and the final average false positive rate was 2.76% for SEQUEST/AMASSfiltered positive peptides.
In total, 225 proteins were identified (excluding keratins) based on two or more positive peptides with a reliability of more than 97% for each (Supplemental Table 1 ). For 142 proteins recognized with at least two independent peptides, the reliability of protein identification can reach more than 99.9%. Even for the other 83 proteins identified by single peptide with multiple hits, the reliability was still more than 97%. 94 proteins were identified in previous urine proteome studies (1) (2) (3) (4) (5) . 43 proteins were also identified in serum Nglycoproteome (11) (12) (13) . 150 were annotated as glycoproteins or subunits of glycoproteins in Swiss-Prot, and 43 were annotated as potential glycoproteins predicted by NetNGlyc 1.0.
2 22 proteins had potential N-linked glycan binding sites but no signal peptides, which means they are unlikely to be N-glycosylated. 10 proteins had no N-glycosylation sites. Those 32 identified non-N-glycosylated proteins might either be associated with the captured N-glycoproteins or nonspecifically bind to Con A. For example, albumin can be associated with many proteins in the list as one of its significant functions is protein transportation. The proteins were categorized based on their subcellular localizations. For the known proteins, their subcellular localizations were determined by the Swiss-Prot or Gene Ontology annotations. For all the others, localizations were predicted based on those of similar known proteins by BLAST or PSORT II for proteins that had no similar known proteins in BLAST search. There were 101 extracellular, 67 membrane, 32 lysosomal, 22 cytoplasmic, one cytoskeletal, and two nuclear proteins. They are mainly composed of enzymes, enzyme inhibitors, receptors, immunoglobulin/complements, and apolipoproteins that participate in many biological processes such as immune response and inflammation, blood coagulation, cell adhesion, signal transduction, and cleansing of the aged or abnormal proteins in lysosome. A number of known biomarkers and disease-related glycoproteins were identified, such as prostate-specific antigen, cadherins, and cathepsins. To enrich the details of the urinary Con A-captured glycoprotein profile, 119 proteins identified by one hit were listed in Supplemental Table 2 . In total there were 334 proteins identified with more than 97% reliability. The peptide hit numbers of all the proteins were also included in Supplemental Tables 1 and 2 to serve as a rough estimate of the protein quantity in the sample.
Both the changes in protein quantity and the glycosylation status of glycoproteins can be reflected in the profiled changes of Con A-captured glycoproteins. Specific patterns might be observed in the Con A-captured glycoproteins for specific pathological conditions as "multiplex urinary biomarkers." Hence we believe profiling Con A-captured glycoproteins in healthy human urine will be a very useful reference for future applications of the urine glycoproteome. We expect that with the development of more efficient enrichment techniques and sophisticated mass spectrometers more glycoproteins will be in the detectable range.
